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SUUMABT 



An Investigation was made In the LMAL 7- "bj 10-foot 

tunnel of vcrloua modif Icat ions of the traillng-edge 
portion of a 0.20-ehord plain aileron on a partial-span 
model of a tapered lov-drag wing. The modifications con- 
sidered oonalated of verioua amount a of aymmetrlcal and 
unaymmetrlcal thlclcening and hoveling of the aileron 
trailing edt;e. The effects of aileron-nose gap, nose- 
.seal location, and tah deflection were determined for the 
moat promising modlf isat ions' The coutr ol-wheel forces 
and tifie rates of roll were estimated for a hlgh-apeed 
airplane with the original aileron and with some of the 
modified ailerons* 

The results of the tests Indicated that* for the 
arrangement tested, the use of heveled ailerons would 
auhatant lall7 reduce the hlgh-apeed control forcea and 
would cauae some chengea in the airplane stal>lllt7 char- 
acteristics* Although not directly coioparahle* the re- 
aults are In qualitative agreement with previoua wind- 
tunnel and flight teats. The effecta of profile modlfl«- 
catlons on the hinge-moment characteristics appeared to 
depend greatljr on the Included angle between the upper 
and low.er surface at the aileron trailing edge. Air leak- 
age across the aileron nose tended to cause overbalance 
of the beveled ailerons at small deflections and also to 
reduce their rolling-moment effectiveness. This leakage 
paused a greater loss of ef f ectlveneas with the beveled 
aileron profile than with the original cusp aileron pro- 
file. Thickening and beveling only one surface of the 
aileron gave leas aerodynamic balance than thickening and 
beveling both surfaces and produced a larger floating tend- 
ency, which would allow advantageous use of a differential 
aileron linkage. Tab effectiveness varied with aileron 
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profile and In some caeas was unsatisfactory. An alter- 
native trlDimlng device that sbo-aXd prove satisfactory 
when the use of an ordinary tah Is Inadvlaahle la BUg- 
gested and analysed. 



IFTBOOUCIION 



The Increased Importance of obtaining adequate lateral 
control with reasonable control forces for high-speed 
airplanes under all flight conditions has led the HAGA. to 
engage In an eztenalve program of lateral-control research. 
The purposes of this program are to determine the character- 
istics of existing lateral-control devlcesi to determine 
the effects of various modifications to existing devlcesi 
and to develop new devices that show promise of helng more 
satisfactory than those now In use. 

Two-dimensional-flow tests of a 30-percent-chord plain 
flap on an NACA 0009 airfoil (reference 1), three-dimensional- 
flow tests of a 15. 5-percent-chord plain aileron on a tapered 
ITACA 230 series wing (reference 2). and unpublished results 
of flight testa of a fighter airplane show that thickening 
and beveling the control-surface trailing edge Is a power- 
ful means of adjusting the hinge-moment cheracterlstlcsi 
The present testa were made to determine the effects of va- 
rious profile modifications on the characteristics of an ai- 
leron on a tapered-wlng model with low-drag airfoil sections. 



APFABATU8 AND METHODS 
Uodel 



The basic wing model (figs. 1 and 2) was a 0.40-8cale 
partial-span model of a low-drag wing, built of laminated 
mahogany. The airfoil sectioii varied from NACA 66.2-2(13.716) 
at the root to NAGA 66.2-2(13.125) near the tip. 

The 0.20c aileron and typical aileron profile modifica- 
tions tested are shown in figure ;5. The true aileron pro- 
file for this low-drag wing la a cusp. All variations from 
the cusp or true profile ended abruptly at the Inboard end 
of the aileron and faired into the tip. The aileron was 
tested with a sheet rubber seal in two locations. This seal 
prevented air flow across the nos« of the aileron from the 
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Inlaoard hinge to the pufboard hinge hut did not aeal the 
0.02- Inch longitudinal gapa at the hlngea* In order to 
fox's the heveled aileron contours the original aileron was 
first thiclcened to straight lines tangent to the nose area 
and passing through points 1 percent of. the wing chord 
ahove and helow the original upper and lover surfaces at 
the aileron trailing edge. IhB trailing-edge portion was 
then heveled linearly and symmetrically to the original 
trailing-edge thiclcnesB* The heveled portion of the aileron 
will hereinafter he referred to as the "hevelk" Xhe Junc- 
tures hetween the forward and rearward parts of the aileron 
were rounded hy arcs with radii equal to 20 percent of the 
wing chord. (See fig. 3.) 

The geometric characteristics of the low-drag wing and 
of the 0.40-Bcale model are given in table I. 



Test Installation 

The test aatup is shown schematically In figure 4. 
The partlal-Qpan wing model was supported horisontally in 
the LMAL 7- hy 10-foot tunnel (reference i) with the In- 
toard end of the model adjacent to one of the vertical 
walls of the tunnel, the tunnel wall therehy serving as a 
reflection plane. The model W8 a supoorted entirely on 
the halance frame with a small clearance at the tunnel 
wall so that all the forces and moments acting uTSon the 
model might "be measured. The angle of attack of the model 
could "be changed while the tunnel was in oueratlon. 

The aileron ^as deflected a:id the hinge moments were 
measured lay means of a callhrated torque rpd and linkage 
system developed for this type of test setup (fig. 5). 
Torque to deflect the aileron is applied at the hinge- 
moment dial and transmitted hy the torque rod, the alleron- 
def lection-drive tube, and the link to the aileron. The 
aileron deflection is indicated on the aileron-deflection 
dial by a pointer fixed with respect to the wing. The ai- 
leron hinge moment is determined from the twist in the 
torque rod, which la indicated on the hinge-moment dial. 
Xnaamuch aa a clamp ia provided for loclcing the hinge- 
moment dial to the balance frame for each aileron deflec- 
tion, no external loads are imposed upon the balance sys" 
tem. The torque rod la calibrated in. the actual installa- 
tion for each model tested. 
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lest Condition 

All tests were made at a dynamic pressure of 16.37 
pounds per square footi which corresponds to a velocity 
of about 80 miles per houri and at a test Seynolds number 
of about 2|350.000. based on the mean aerodynamic chord of 
a complete 0.40-Bcale model (3.21 ft). The tests were 
made at low scalet low velocity, and high turbulence rel- 
ative to the flight conditions to which the results are 
applied. Ihe effects of these variables were not deter- 
mined or estimated. 



SS8ULTS AIT]} SlSCUSSZOXr 
Coefficients and Corrections 

The symbols used in the presentation of the results are: 
Cj, lift coefficient (l/qS*) 
0^ drag coefficient (D/qS*) 
Or' rolling-moment coefficient (L'/qbs) 

X L' \ 

Ci' uncorrected codel rolling-moment coefficient ( 

m \qb' S''' 

Cq' yawlng-moment coefficient (N'/qbS) 

Cix aileron hlnge-momeut coefficient (E/qSaC^i) 

L twice lift of partial-span model 

D twice drag of partial- span model 

L' rolling moment about wind axis In plane of symmetry 
of complete wing due to aileron deflection 

L'^ uncorrected rolling moment of part lal- sT^an model 
about wind axis at tunnel wall due to aileron 
deflect ion 



N' yawing moment ebout wind axis in plane of symmetry 
of complete wing due to aileron deflection 



E aileron hinge moment 
o wing chord 



0. ... Aileron cliord aft. of hlQge axis (meajBiirad perpendle- 



ular to kluga axle) 



5* root-mean- aqtiare chord of aileron (measured perpen- 
dicular to hinge axis) 

1> span of complete wing 

1)1 twice span of partial- span model 

5 area of complete wing 

S' twice area of partial-span model 

8. area of one aileron aft of hinge axis 

a angle of attack of wing 

6 aileron deflection from neutral* positive when 
^ trailing edge Is down 

teh deflection relatl-re to aileront 'oositlve when 
trailing edge la down 

6 control-^rhael deflection 
w 



q dynamic pressure of airstreami uncorrected for 

"blocking 
7 free- stream Telocity 
Vj indicated velocity- 



Cl' rate of change of rolling-moment coefficient d' 
P with helix angle ph/2Y 

p rate of roll . . 

7^ aileron control-wheel force 

Subscripts: 

u aileron-up condition 

d aileron-down condition 

Jl positive value of L* or 6^'' corresponds to an 
increase in lift of the model* and a positive value of B* 
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or Gn' coTTeaponds to a decrease In drag of the model. 
The angle of attack, drag coefficient, and rolling-moment 
coefficient have heen corrected for the effect of the 
tunnel houndaries and to the aspect ratio and taper ratio 
of the complete wing. The over-all corrections to the 
hinge- and yawing-moment coefficients were estimated to 
he small and were not applied. Vo corrections have heen 
applied to any of the results for hlockingi for the effects 
of the support strut, or for tlie treatment of the inlsoerd 
end of the model* that isi for the small gap hetween the 
model and the walli for the leakage through the wall 
around the support tuhSf or for the houndary layer at the 
wall. 

The over-all corrections which were applied (by addi- 
tion) to the angle of attack (in deg)i the drag coefficient) 
and the rolling-moment coefficient were: 

= 0.41 Oj, 
ACj) = 0.0084 Oj,^ 
ZiO^' = -0.319 Cl\ 

Characteristics with Ailerons Neutral 

Effec t of ailer o n profil e.- The characteriatlcs of 
the 0.40-scale model -^ith the various ailerons set at sero 
are shown in figures 6 to 8. The changes in lift and drag 
coefficients of the complete wing caused by modifications 
of the aileron profile should be less than indicated by 
the figures since the percentage of span covered by the 
aileron would be less on the complete wing than on the 
partial-span model. Thickening the aileron profile reduced 
the slope of the lift curv3. Thickness added to the ai- 
leron lower surface had e much greater effect on the lift- 
curve slope than did a similar modification of the aileron 
upper surface, iiodif icat ions of the aileron profile had 
no measurable effect on the minimum drag coefficient under 
the teat conditions of low scale and high turbulence. The 
slope of the hinge-moment curve dC^^/da at lero angle of 

attack became more positive as the aileron profile was 
thickened and, for symmetrical thickening, appeared to 
vary directly with changes in the included angle between 
upper and lover surfaces of the aileron at the trailing 
edge. The data of references 1 and 2 showed eimilar varl- 
atlonB\of dCj^/da with traillng-edge angle. 



Effect of noae eap and seal .- The effects of gaps and 
seals at the aileron noae may. 'be- determined "by comparisons 
of the data from flgrLres 5 to 8 and are snsunarlied for the 
original cttsp aileron and for one beveled aileron In fig", 
tires 9 and 10* presence of a seal at the aileron nose 

had no appreciable effect on the wing or aileron character- 
istics except In the case of the original cnsp aileron, for 
which the seal slightly increased the slope of the lift 
curve > 

Characteristics with Ailerons Deflected 

Bffeot of aileron profile.- The effects on the aileron 

characteriatlce of modifications of the aileron profile are 
shown in figures 11 to 15. As the aileron profile was 
thickened the slope of the hinge-moment curve dCj^/dS^ 
became more positive and the rolling-moment coefficient 
available from a given aileron deflection decreased. 
Changes in the aileron profile had no appreciable effect 
on the yawlng-moment coefficients. Thickening the aileron 
on only the upper or lower surface had approximately half 
the effect on dCh/d^a thickening both surfaces and pro- 

duced changes of about 16° in aileron floating angle at a 
low angle of attack. At high angles of attack, the aileron 
with the bevel on only the lower surface had almost the 
same charaoterlstics as the symmetrically beveled aileron; 
whereas the aileron with the bevel on only the upper sur- 
face had characteristics that approached those of the orig- 
inal cusp aileron. At a low angle of attack* ■ additional 
thickness on the top of the aileron had very little effect 
at high positive aileron deflections and additional thick- 
ness on the bottom of the alleroa had very little effect 
at high negative deflections. Tor the sealed ailerons - 
with symmetrically thickened profilesp dCh/dSa appeared 
to vary directly vrith changes in tralllng-edge angle. The 
data of references 1 and 2 showed similar variations of 
dGj^/d6^ with tralllng-edge angle. 

Effect of noae gap and seal .- The effects of gaps and 
seals at the aileron nose may be determined Jby comparisons 
of the data from figures 11 to 13 and are summarised for 
the original cusp aileron and two of the beveled ailerons 
in figures 16 to 18. At a low angle of attaick, the pres- 
ence of the seal provided a 12-peroent increaae in the in- 
crement of rolling-moment coefficient between = 16° 
and =3 -le'' for the original- cusp aileron. The bottom 

seal slightly increased the negative value of dOj^/dSa 
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while the top seal reduced this Talne "bj alsout 0.002 at a 
low angle of attack. At a low angle of attaclc the aileron 
with the O.SOcg heVel was oonelderahly overhalanced with 
no seal; the addition of the top seal reduced this over- 
halance to ahout half the no-eeal ^alue. and moving the 
seal to the hottom location produced a slightly negative 
value of dCii^/d&Q. The presence of the seal caused a 30- 
percent Increase In the Increment of rolling-moment coef- 
ficient "between 6a = 15° and 6^ = -15°. The aileron 
with the O.SOca ^^^el over "balanced with no seal and 

large gaps hut, when the gaps were reduced hy one-half ei- 
ther with or without plasticine to change their Internal 
shape, dCj^/dSa became nearly lero. Adding the bottom 
seal to the aileron changed dCj^/dSa ^° ^ negative- value 
of the same order of magnitude as the positive value ob- 
tained for the aileron with the large gap. Beduclng the 
gaps by half Increased the Increment of rolling- moment 
coefficient between 6a = 15° and 5a = -15° by about 
16 percent; sealing the nose Increased the Increment by 
about 28 percent. 

Effect of seal location .- The effects of changing the 
seal location on the aileron characteristics may be deter- 
mined from figures IS to 19. The location of the seal had 
no measurable effects on the aileron rolling- and yawlng- 
moment coefficients. As shown In figure 19, the aileron 
profile had very little effect on the Increment of hinge- 
moment coefficient due to moving the seal from the bottom 
to the top position, particularly at a low angle of attack. 



Aileron Trim Characteristics 

The effects of deflecting a sealed tab (fig. 3} on the 
aileron characteristics are shown in figures 20 to 22. The 
data for the aileron with cusp profile (fig. 22} were taken 
from previous unpublished tests of the original aileron 
with a sealed internal balance. The tab effectiveness at 
zero aileron deflection wasi in general, lo^er and more 
erratic with the aileron thickened and beveled than with 
the original cusp contour, particularly at a low angle of 
attack. With the thickened and beveled aileron deflected, 
the tab was more effective as an unbalancing tab than as a 
balancing tab. Because of the differences in tab effective- 
ness, an airplane with beveled ailerons trimmed by means of 
tabs would have unsymmetrlcal wheel-force characterletlcs 
for right and left roll; this effect has been observed In 
unpublished flight tests of a fighter airplane. 
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Becauae of the erratic tal> eharacterlstlcBi some other 

de7lce. ,to. trjLm thlclcened .and hevel.ed^ aileronB. may. "be., neces' 
eary. A. ayfltem of trimming "hy springs Is stiggested and 
analyied as followsi 

A system Is assumed that has a maximum alleron-control- 
wheel movement of +84° and a control-wheel diameter of 14 
Inches* A maxlanim trimming force that can he applied In 
hoth directions equivalent to a 10-p6und wheel force and a 
permlssllile Increment of wheel force at full wheel deflec- 
tion due to the centering action of the spring system of 2^ 
pounds are assumed to he satlsf actory* The spring system 
would consist of a single spring capahle of helng stressed 
In both directions or of two opposite springs each one-half 
deflected and opposing the other. One end of the spring 
system would be linked for suitable rotary or linear motion 
to a part of the aileron-control system. She other end of 
the spring system would be connected to an Irreversible 
mechanism (driven by the cockpit trim control) that would 
deflect the spring and cause It to exert a trimming force 
on the aileron control system. It should be pointed out 
that the trimming force exerted by the spring unit, unlike 
that exerted by a tab, would not vary rlth speed. This 
charaoterlat ic may not be desirable. Table II Is a com- 
parison of various possible spring systems. 



Estimated Alleron-Go&tr ol Characteristics 

Ihe rates of roll and the wheel forces during steady 
rolling were estimated for a high-speed airplane with the 
wing of figure 1 and table I and with the original and 
some of the modified ailerons* In order to be able to coi»- 
pare the characteristics of the various ailerons on an 
equal basis the maxlnnim deflection used for each modifica- 
tion wae that necessary to produce a pb/27 of 0.09 at an 
indicated airspeed of 139 miles per hour. The value of 
pb/2Y of 0.09 was chosen in order to insure a suitable 
margin over the required minimum pb/2T of 0.07. (See 
reference 4.) The rates of roll were estimated by means 
of the relationship 

pb/2T = Oi'/Ci'p (1) 

where the coefficient of damping In roll ^I'p taken* 

for the wing with the original cusp alleronsi as 0.52. 
This value was obtained by arbitrarily Increasing the 
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referenoe 4 valne 10 percent In order to aooount for the 
higher lift-curve slopes of lov-drag wings* Tor the vlng 
with the modified ailerons the C^'p valxie of 0.62 was 

deoreaaed In direct proportion to the changes in lift-curve 
slope due to changes lH the aileron profile. (See figs. 6 
to 8.) It has heen assumed that the rudder will he used to 
counteract the yawing moment, that, the aileron operating 
mechanism Is nonelastloi and that the wing will not twist. 
These assuinptlons will result in estimated rates of roll 
that will be higher than would he obtained in flight with 
the nonrigld airplane. The wheel forces were estimated 
from the relationship 

'-'5f[%(S;),-x(S;)J ' 

which may he derived from the aileron dimensions and the 
following. airplane characteristics: 

Ylng area* square feet , , 414 

Span, feet 65 

Taper ratio 2.38:1 

Airfoil section low-drag VAGA 66 series 

Weight, pounds 20,661 

Ting loading, pounds per square foot 49.67 

Wheel diameter. Inches 14 

Uazlmum wheel deflection, 8^, . degrees +84 

The lift coefficient in equation (2) was taken from a 
complete airplane' lift curve (fig. 23).. The value of the 
constant in equation (2) is dependent upon the wing loading, 
the else Qf the alleronsi and the wheel dlAmetar. Vor the 
equal up-and-down linkages, the values of d6a/dfi, were 
assumed constant for each arrangement and were determined - 
from the maximum wheel deflection of +84° and the maximum 
aileron deflections noted on the fi§,-ure8 of computed results. 
Of the two unsymmetrlcally beveled ailerons, the aileron 
with the bevel on the top surface had more satisfactory 
hinge-moment characteristics for a differential linkage. A. 
differential linkage was designed in order to take . advantage 
of the floating tendency of this aileron. The values of 
d5ei/d9v for the differential linkage may be determined 
from figure 24. Except for two cases in which the aileron- 
control characteristics were computed for the static (no-roll) 
state, the values of C^' and used in equations (l) and 

(2) were the values computed for the steady-rolling state; 
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"tfi^ loeal afigld X)f attaolc at the two ailerons during roll- 
ing has 'been taken Into acooiint. The effective change In 
angle of attack over each aileron vas asBUined iaqual to the 
geometric change In angle at a point l/lO of the aileron 
span from the inhoard end of the aileron. The location of 
the point for determining the effective change in angle of 
attack was determined from comparisons of the span load- 
ings over the aileron induced hy rolling and hy changing 
the angle of attack of the complete wing. ' 

The estimated aileron-control chnracterist ics at three 
indicated airspeeds for the airplane equipped with the 
original ailerons and with the various modified ailerons 
are presented in figure 25. figure 26 is a comparison of 
the high-speed wheel forces for all the ailerons. As shown 
"bj figures 25(a) . 25(h), and 26 the use of flat surfaces 
on the aileron did not improve the wheel-force character- 
istics because, for this particular model, the effect of 
the decrease in dC^/d&a due to the flat surfaces vas 
nearly canceled hy the effect of the decrease In the neg- 
ative value of dCju/da and hy the fact that larger aileron 
deflections were necessary to attein the required value of 
p'b/'SV. Greater modifications to the aileron profile were 
more effective In reducing the wheel forcesi the greatest 
reduction resulting from the use of the 0.20ca hevel (flgB> 
25(a), 25(d), and 26). Using the 0.200^^ hevel reduced the 
maximum high-speed wheel force from about 150 pounds to 
about 40 pounds. Thickening the aileron on only the top 
surface gave some reduction in wheel force. The use of 
differential motion further reduced the wheel forces of 
the aileron with the 0..20c|i bevel on the top surface, bring- 
ing the maximum high-speed wheel force down to about 40 
pounds. 

The wheel forces of the original aileron and of the 
aileron with the 0.20c£i bevel are shown in figure 27 for 
the dynamic (steady-rolling) state and the static (no-rolling) 
state. Tor the original aileron, rolling reduced the maxi- 
mum wheel force by about 9 pounds because of the negative 
value of dCh/dCi> 9-pound reduction was almost independ- 

dent of -speed because the negative v^lue of dQj^/da increased 
As the angle of attack .increased. Tor the beveled aileron, 

dC./da was positive for angles of attack of less than' 8° and 
h 

therefore produced positive increments in the wheel forces at 
the high- and medium- speed conditions. The 0.20cg^ bevel ai- 
leron with the top seal was the only aileron for which wheel 
forces were estimated that was overbalanced for the static 
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or no-roll atate. It is not Icnoirn what affect static over- 
tala^nce will have on airplane handling charaoterlatlca hut 
an aiialyala has Indicated that, with the wheel free, there 
nia7 he aome oaclllatlon of the allerona for poaltlve YaltieB 
of dCji/dfia greater than ahout 0.001. 

The changea In dCj^/da and 3Gj/da dne to thickening 
and.hevellng the aileron will cauae aome changea In airplane 
atahlllty charaoterlatlca* 

CONGLUSIQirs 

■ — ^ 

The reaulta of ' the testa of the 0.20-chord aileron on 
a tapered low-drag wing Indicated that, for the arrangement 
teated, the following concluaiona may be made:- 

■ 1. Ihlckeniug and "beveling the aileron trailing edge 
would ai2batantlall7 reduce the hlgh-apeed control forcea- 

2. Air leakage acroBS the Rileron nose tended to cauae 
overbalance of the beveled allerona %t amall deflectiona 
and to reduce their rolling-moment ef f eetiveneaa- Thia 
loaa in ef f ect Iveneaa waa greater with the beveled aileron 
than with the original cuap aileron. 

'6. The characterlatlca of beveled allerona were in 
general agreement with the characterlatlca obtained in pre- 
vloua wind-tunnel and flight te'ata. ■ A comparlaon of the 
resulta of the present and previous teats indicated that 
the included angle between the upper and lower surfaces at 
the trailing edge la a convenient baala for correlation of 
the hinge-moment characterlatlca* The changea in the slope 
of the ourvea of hinge-moment and lift coefficient with ra- 
apect to angle of attack (due to thickening and beveling 
the aileron) will cauae aome changea In airplane atablllty 
characterlat loB« 

4. Thickening and beveling only one surface of the 
aileron gave leaa aerodynamic balance than thickening and 
beveling both aurfacea and produced a large floating tendency 
that would allow advantageoua uae of a differential aileron 
linkage. 
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5* Tab ef f eotlTreneas yarled with aileron profile and 
, In, Bome oaeea -irara xinBa-tlefaotorsr* 



Lan£le7 Uemorlal Aeronautical Lalsoratoryi 

^rational Advisory Committee for Aerdnautlcst 
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TABLE I 

1 

aXOMSIBIC CHJLaACTEElSTIGS 07 LOW-DBAO WIHG 
AND 0.40- SCALE liODEL 



fflng 



Wing 
area 

(aq ft) 



Partlal- 
apan 
vlng 
araa 
(aq ft) 



Wing 
apazx 

(m.) 



Boot 
6hord 

(in.) 



Tip 
chord 

(m.) 



U.A.C. 

(In.) 



Aspect 
ratio 



7till Biae 

0.40- 
acale 
model 

0.40- 
Bcale 
model 
partlal- 
auan 



414 



66.24 



118. 6 



18.98 



660 



264 



128.00 



51.20 



53.85 



21.54 



96.33 



38. 53 



7.3 



7.3 



18.98 



41.33 



21. 54 



Aileron 
Wing root-mean- 
square 
ohord 

(In.) 



Aileron 
area (one 
aileron) 

(aq In.) 



Aileron 
chord 

inboard 
hinge 

(In.) 



Aileron 
chord, 

outboard 
hinge 

(in.) 



EACA 
airfoil 
sect ion 
at sta- 
tion 110 
(□odel 
stat ion, 
0) 



EAGA 
airfoil 
section 
at sta- 
tion 308 

(model 
stat ion, 
79.2) 



T-ull siae 

0.40- 
Bcale 
model 

0.40- 
scale 
model 
partial- 
span 



14.44 



6.78 



2200 



352 



17.78 



7.11 



11.60 



4.64 



5.78 



352 



7.11 



4.64 



66,2- 
2(13. 71^ 



66,2- 
2(13. 71^ 



66,2- 
2(13. 7lQ 



66,2- 
2(13.125) 



66,2- 
2(13.125) 



66,2- 
2(13. 125) 



NACA 
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TABLE ZI 



CHARACTERISTICS OP SPRING TRIMMIHa SYSTEMS 



Type pf 

spring 

systen 


Theoretical 
, spring 
efficiency 

1 ntt £kv> ^ 1 
V rv on u / 


Practical 
spring 
efficiency 
(percent) 


Type of 
stress 


Modulus of 
elasticity 
(Ib/sq in.) 


Maximum 
allowable 

stress 
(iD/sq in.) 


Tension- 
compression 
bar 


100 


Uhuaable 




Tension- 
compression 


30,000,000 


130.000 


Opposed 
flat coll 
(clock type) 


33.3 


30.0 




Bending 


30,000.000 


130,000 


Opposed 
torsion 

(circular 
wire, 

D/d = 10)^ 


SI. 4 


21.4 




Bending 


30,000,000 


130,000 














Torsion bar 
(circular) 


50.0 


OSJmKJ 




Shear 


11,500,000 


50,000 


Compression- 
tension 
(circular 

wire, 
D/d = -10)* 


OO.O 


38.5 




Shear 


11,500,000 


50,000 


Type of 

spring 

system 


Number of 

springs 
required 


Total 
weight 
of active 
spring 
material 

t ID} 


Approximate 

size of 
each spring 
(in.) 


Spring 
deflection 

from 
neutral 
at full 

trim 


Spring 
deflection 
from 
neutral 
due to 
full wheel 

US\J V dUOXX b 


Tension- 
compression 
bar 


1 


0.32 




















Opposed 
flat coil 
(clock type) 

Opposed 
torsion 
(circular 

wire, 
D/d =10)'^ 


2 
2 


4.29 
6.02 


X 1 steel 

16 

0. D., 4.94 

1. D., 2 

1/4 wire 
O.D.,. 2.75 
Length, 6.90 


386° 
692° 


96.6° 
173.0° 


Torsion bar 
(circular) 


1 


1.67 


Diam., — 

S 

Length, 53.3 


56.8° 


14.2° 


Compression- 
tension 
(circular 

wire, 
D/d = 10)* 


1 


2.17 


1/4 wire 
O.D., 2.75 
Free length, 
11.7 


5.4 in. 


1.35 In. 



D, mean diameter of coil; d, diameter of wire. 




Figure I 



Plan form of low- drag wfng. 




2 




Figure: 3r Aileron with typicxal profile modifications tested on 0.40-scQle 
partial-span model of a low-draq wing. 




Aileron hinge axis 

Section A-A 

Figures -Schematic diagram of aileron hinge- moment and deflection device. 
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-8 0 4 8 12 20 



Angle df attack, oC, deg 
F IGURE G r Effect of several modfffcatlons of the aileron prof fie 
on the aerodynamic charactertetics of the 0.40-5cale model 
of a low-drag wingj no seal 0.004c gaps-; Sq = 0. 




Angle of attack, oC, deg 
Figure 7.- Effect of several mod if feat ions of the aileron 
profile on the aerodynamic characteristics of the 
0.4O- scale model of a low- drag wing,* top seal,- 
0.004c gaps; 8a = 0. 




-8 -4 0 4 8 12 IG 20 
Angle of attack ,cX, dcg 
Figure 8.- Effect of several modifications of the aileron 
profile on the aerodynamic characteristics of the 
0.40- scale model of a low- drag wing ; bottom sealj8a=0. 
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-8 -4 



0 4 8 12 16 20 
Angle of attack ,0C, deg 
Figures." Effect of seal on the aenodynamiccharadenstics 
Cf the 0.40 -scab model of a low- drag wing,- cusp aileron 
profile ; 0.004c gaps j 5^=0. 




-8 -4 0 4 8 12 16 20 
Angle of attack, OC, deg 
Figure" 10,- Effect of seal and gap on the aerodynamic 
characteristics of the 0.40 -scale model of a low- drag 
wing }0.30<:;a bevel aileron profile ; ha =0. 
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Figure: II .- Effect cjfsevenal modifications of the aileron 
profile on the afleron characteristics of the 
0.4O-5cale model of a low-drag wing; no seal} 
0.004c gaps. 
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(b) OC-II.5'* 
Figure: 1 1.- Concluded 
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Fig. 12b 
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(b) QC= 11.5". ^ 
PJGURE- le- Concluded . 
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-20 -IS -IZ -8-4 O 4 <3 /2 IS 20 
Aileron deflectbn, 5a, deg 

(a) OC = 1.0°. 

Figure 13.- Effect of several modlfjcatlorts of the aileron 
profile on the aileron characteristics of the 
0.40- scale model of a low- drag wing; bottom seal. 



(^Measure wt^h '/40') 



Fig. 13b 
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Figure 13. -Concluded. 
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Aileron deflect/on , Sa , deg 
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Figure I4-- Aileron chanactcristfcs of the 0/4O-5cale 
model of a low-drag wingj Q.ZOca bevel aileron 
profile; bottom seal; 0.004c gaps. 
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Aileron deflection, Sq, deg 



FlGUF=^ \7r Effect of seal on the aileron characteristics 
of the 0.40 -scale model of a low-dra9 wingj 
O.20ca bevel aileron profile f 0.004c gc:psjoC=I.Of 
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Figure fSr Effect cf seal and 9ap on the olleron 

characteristics of the 0.4O-scale model of a low- 
drag wing r 0.30ca bevel aileron profile; 0^=1.0". 
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Figure 2/. -Effect of tab deflection on the aileron 
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Figure 26.- Effect of several modifications of the 
aileron profile on the control-wheel force of a 
high-speed airplane with a low- drag wino; 
Vi=306mph. , ^' 
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(a) Cusp ailerons; top seal; 0,004c gaps; ^n^^ - i 12.fiO.-. 

Figure 25 a to e.- Aileron-control characteristics of a Mgh- 

jspeed airplane with a tapered low-drag wing. 
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(d) 0.20Cg^ bevel ailerons; 0.'W4c gaps; 6^^. = ± 15.2°. 
Figure 25 ..- Continued 
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(e) 0.20ca 'bevel top surface; cusp TDottom surface; top seal; 
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Figure 25 Concluded 
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Pigutpe 27a, 1),- Effect of rolling on the wheel-force characteristics of a 
high-speed airplane with a tapered, low-drag wing. 
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